BACKGROUND. Back surgery rates are rapidly rising in the United States. This surgery is usually elective, so patient preferences are important in the treatment decision.
Back pain is the leading reason for visits to orthopedic surgeons and neurosurgeons, 1,2 and the United States has the highest rate of back surgery among developed countries. 3 Furthermore, the lumbar spine surgery rate rose Ͼ50% during the 1980s, 4 and some experts believe that surgery for chronic back pain is overused. 5 With rare exceptions, lumbar spine surgery is elective. In patients with herniated disks, the primary benefit of surgery is accelerated relief of sciatica 6 ; outcomes after 4 years are similar with or without surgery. 6, 7 Uncontrolled studies suggest that rehabilitation alone may result in excellent outcomes even after surgery has been advised. 8, 9 Thus, the choice of surgical or nonsurgical treatment depends importantly on the patient's subjective weighing of pain severity, likely speed of resolution, and surgical risks.
There are growing efforts to inform patients about their clinical choices and involve them in decision making. For patients to have a meaningful role and to provide truly informed consent, they must obtain relevant technical information and communicate their own subjective values and preferences. Physicians typically underestimate patients' desires for information on their conditions and treatment options. 10 Enhancing patient participation in decision making may result in better health outcomes and a better sense of well-being. [11] [12] [13] Autonomy and shared decision making may be particularly important for low back problems. 14 Psychological and social variables are highly predictive of treatment outcomes, 15, 16 and therapeutic trials suggest powerful placebo and compliance effects. 16 -19 We therefore developed a computerbased, interactive videodisk program for patients considering lumbar spine surgery. The program combines information from clinical trials, literature syntheses, and other outcome studies 6 -9,20 -25 with concerns of patients and physicians elicited in focus groups. The intent was to provide the best available data on expected outcomes of surgical and nonsurgical treatment, as well as a vicarious sense of the patient experience of various outcomes. 26 The video program was produced by the Foundation for Informed Medical DecisionMaking (Dartmouth Medical School and the Massachusetts General Hospital) in conjunction with investigators at the University of Washington.
The goal of this study was to determine the impact of the shared decision-making program on patient satisfaction, outcomes, and choices of surgical or nonsurgical treatment. We hypothesized that patients would prefer the video format to written materials and that those viewing the video program would choose less surgery and have equally good outcomes compared with patients receiving only written educational materials.
Methods

Study Sites
Patients were enrolled at a staff model health maintenance organization (HMO) in Seattle, Washington (Group Health Cooperative), and a largely fee-for-service academic practice at the University of Iowa. The Seattle practice was neurosurgical, and the Iowa practice was orthopedic. In both sites, all surgeons viewed the video program and agreed to have the video program and booklet incorporated into their patients' care. In addition, all received a "clinician's guide" describing the content of the video program and providing reference sources for the data. Most were enthusiastic about the materials. The video programs were set up in the surgery clinic areas at both sites. The program was explicitly intended to augment the usual doctor-patient interaction, not to substitute for it.
Patient Selection and Evaluation
Potential subjects in Seattle were identified from referrals to neurosurgery by primary care clinics. The referral process excluded patients requiring emergency surgery, and the surgeons preferred that patients view the videodisk before the initial neurosurgery appointment. The University of Iowa Spine Center receives statewide referrals, and potential subjects were approached after the initial visit.
We considered all patients in Iowa for whom the study surgeons believed lumbar surgery was a treatment option and who had received nonsurgical therapy for Ն4 weeks. At Group Health, any primary care patient referred to neurosurgery for low back problems was potentially eligible. We excluded patients with cauda equina syndrome, progressive neurologic deficit, severe comorbidities, possible pregnancy, underlying malignancy or infection, limited English fluency, hearing or visual impairment, age Ͻ18 years, previous back surgery, planned change of residence, or lack of a telephone. Patients with previous lumbar surgery were excluded because the video program included data for only a first operation. For most of the remaining patients, the primary care physician made the referral because surgery was thought to be a potential option; in many cases, imaging results already showed disk disease or spinal stenosis.
At the University of Iowa, a research nurse identified potential subjects, introduced the study, obtained written consent, and obtained baseline data. Subjects received the randomly allocated educational interventions before the next visit. At Group Health, potential subjects identified from referral forms received a letter from the chief of neurosurgery, along with the educational booklet. Patients were then contacted by telephone to explain the study, obtain consent, and determine eligibility. Consenting patients completed baseline questionnaires by telephone and were then randomized. Those in the video group were scheduled to view the program before the first surgery appointment. Subjects were assigned a tentative diagnosis based on age, symptoms, and imaging results mentioned in the referral form to determine the appropriate video segment for viewing. The study protocol was approved by Institutional Review boards at the University of Washington, the University of Iowa, and Group Health Cooperative, and written consent was obtained from all patients.
Study Group Assignment
After baseline data were gathered, random allocation was performed with a computergenerated simple randomization sequence. Each study site had a series of numbered opaque envelopes that specified whether patients were to receive the interactive video shared-decisionmaking program or only a booklet.
Educational Materials
All subjects received a written booklet containing anatomic illustrations of the lumbar spine, a discussion of surgical and nonsurgical treatments for herniated disks and spinal stenosis, a general description of expected outcomes, and a short self-test on material in the booklet.
Patients allocated to the shared-decisionmaking process were scheduled to view the videodisk program in a quiet office. This interactive program used a videodisk player, modified microcomputer, monitor with a touch screen, and printer. Patients entered their ages and diagnoses (herniated disk, spinal stenosis, or nonspecific back pain) at the beginning of a session and viewed material that was particular to their circumstances. In Seattle, where patients viewed the program before surgical evaluation, occasionally subjects watched 2 segments if the diagnosis was ambiguous. The video program included animated graphics of spinal anatomy, a discussion of problems that cause back pain, and a discussion of ambiguities in diagnosis. Outcome probabilities for surgical and nonsurgical care at 1, 4, and 10 years were presented, along with interviews from real patients who had experienced either good or bad outcomes of surgical or nonsurgical care. With the touch screen, subjects could control the order of presentation, repeat segments, and select optional segments that included further information on imaging tests, drug therapy, alternative medicine, and other topics. The patient was provided a printed copy of outcome probabilities at the end of the viewing, and a printed note was sent to the surgeon indicating the segments viewed.
Outcome data provided in the educational materials were derived from randomized trials when available, 6, 7 but in some instances, only case series or cohort studies were found. 20, 21 Probabilities of mortality and the likelihood of repeat operations were derived from analyses of administrative databases. [22] [23] [24] Sample data are available on request. In pilot tests, the video program was judged by both patients and physicians to be interesting, thorough, and well balanced. 26 The video program resulted in greater knowledge gains than the booklet alone among patients with low baseline knowledge scores and among elderly patients. Patients rated the understandability, level of interest, and quantity of information of the video program higher than the booklet alone. 27 
Follow-Up and Outcome Assessment
Patients completed baseline questionnaires regarding demographics, clinical history, and symptoms. Functional limitations were assessed with a modified Roland Disability Questionnaire, 28, 29 and generic health status was assessed with the SFVol. 38, No. 9 VIDEO EDUCATION FOR BACK SURGERY 12. 30 Physicians recorded a diagnosis and physical examination findings. Patients received mailed questionnaires for follow-up at 3 months and 1 year after enrollment, with telephone follow-up for nonrespondents. These assessments included questions about symptom severity, functional status, and working and compensation status. Patients rated satisfaction with overall care and the decision-making process and recorded interim treatments. Satisfaction with current symptoms was rated with a previously validated question. 31 At the end of the trial, utilization of services was tabulated for Group Health patients with the HMO's automated data system. Comprehensive utilization data were unavailable in Iowa.
Sample Size
We previously estimated that 2.5 points on the modified Roland Disability Scale would be the smallest clinically important difference. 29 Variance estimates 29 suggested that for a power of 0.80 and a 2-sided ␣ ϭ 0.05, study groups of 130 would suffice to identify group differences of this magnitude, and an absolute difference in surgical rates of about 15%, depending on the surgical rate of the control group. To permit subgroup analyses of different diagnoses, we hoped to enroll 600 patients, but time and exclusions limited us to ϳ400.
Statistical Analysis
Data were analyzed in an intention-to-treat fashion. Continuous variables were compared with t tests, and nominal variables were compared with 2 analysis. In some cases, ordinal scales were dichotomized at clinically meaningful points.
For analyzing surgical rates, we used time-toan-event analysis, measuring the time from enrollment to the time of surgery if any occurred. This allowed comparison of surgical rates throughout the follow-up year with a single log-rank test of significance. In addition, a proportional-hazards model was used to adjust the analysis for baseline demographic, clinical, and functional covariates.
The modified Roland Disability Score and choice of surgical or nonsurgical treatment were the primary outcomes. One-year Roland scores were analyzed with multiple linear regression, controlling for baseline score, demographics, and diagnosis. Because outcome data and the corresponding video presentations differed substantially for herniated disks, spinal stenosis, and nonspecific back pain, we prospectively planned to analyze these subgroups separately to determine whether effects differed. We also examined study site subgroups. Analyses were performed with the S-plus statistical package 32 and SAS. 33
Results
Study Sample
More than 3,200 subjects were screened, although many had conditions other than back pain or were not surgical candidates. Of these, 552 appeared eligible, but 159 declined, most often for lack of interest, insufficient time, too much pain, or transportation difficulties (Figure 1) .
Thus, 393 patients were randomized, with 190 in the video group and 203 in the booklet only group. There were 293 patients enrolled in Seattle and 100 at the University of Iowa. One-year follow-up was obtained for 344 patients (87.5%). Nineteen patients (10%) were lost from the video group, and 30 (14.8%) were lost from the booklet only group. Compared with those who completed the study, withdrawals were significantly younger, more likely to be unemployed, and more likely to be receiving disability compensation.
Patient Characteristics
Demographic and clinical characteristics of the subjects are shown in Table 1 . There were no significant group differences, although there were more patients with severe pain in the booklet group, as well as more smokers, more patients reporting depression, and a higher percentage receiving disability compensation. Within the herniated disk and "other diagnosis" groups, baseline characteristics were also similar. Diagnoses assigned by the surgeons in the "other" group included degenerative disease, lumbar strain, spondylolisthesis, and combination diagnoses. Although many of these were not judged to have indications for surgery, there was uncertainty in the minds of the referring physicians, and study diagnoses were those rendered by the surgical specialists. Among the 110 patients with spinal stenosis, those in the booklet group were slightly younger than in the video group (mean, 64 versus 69 years), less likely to have been hospitalized for back pain (8% versus 24%), but more likely to be seeking compensation (17% versus 0%).
Seattle patients were older than Iowa patients (average, 4 years older), better educated, and more likely to be married. Seattle patients were more likely to be employed but reported more depression. Nearly all patients in Iowa were diagnosed with a herniated disk or spinal stenosis, whereas a higher proportion of patients had other diagnoses in Seattle. This was likely a result of different enrollment practices; patients with nonsurgical diagnoses were excluded by surgeons in Iowa, but some were enrolled before surgical evaluation in Seattle. Among the 112 patients with other diagnoses, only 11 underwent surgery.
Compliance
Among patients allocated to the video program, 97% viewed the program. Eighty-four percent reported reading at least half the printed booklet. Among subjects allocated to booklet alone, 97% indicated that they read at least half the booklet.
Symptom and Functional Outcomes
Patients in both study groups improved substantially by 3 months and even further by 1 year. There were no significant differences between the video and booklet groups in the primary outcome, Roland Disability Score, at 3 months or 1 year. Similarly, there were no significant differences with regard to resolution of leg pain or back pain, satisfaction with symptoms, employment status, or Vol. 38, No. 9 VIDEO EDUCATION FOR BACK SURGERY the proportion receiving compensation (Table 2) . Detailed outcomes are presented for the 1-year follow-up, which we believe was the most important and correspond to data on surgical choices and utilization of care.
A preplanned subgroup analysis was designed to assess outcomes within diagnosis subgroups. The results in Table 2 demonstrate that there were no significant differences in functional recovery or symptom improvement between the videodisk None of the study group differences were significant at P Ͻ0.05.
group and the booklet group among patients with herniated disks. This was also true for patients with other diagnoses. Outcomes were also similar for the study groups among patients with spinal stenosis, although there was a significant difference in the percentage receiving compensation. A similar difference was present at baseline, however, as noted above. Outcomes approached significance for back pain severity, but baseline severity also was milder in a direction favoring the videodisk group. In logistic regressions controlling for baseline values, the only significant difference in outcomes was for back pain severity, which was lower in the video group (P ϭ 0.04). Thus, symptomatic and functional outcomes for the video and booklet groups were very similar overall and within the diagnostic subgroups. In a linear regression, controlling for baseline Roland score, age, gender, educational status, site, and diagnosis, there remained no significant difference in functional outcome according to study group, with adjusted Roland scores nearly identical. A post hoc power calculation indicated that for the stenosis subgroup, 200 patients per group would have been necessary for the unadjusted difference in Roland scores to achieve statistical significance.
Choice of Surgical Treatment
There was a trend toward lower surgery rates in the videodisk group throughout the study. At 1 year, there was a relative difference of 22% (26% versus 33%, P ϭ 0.08). Important differences in the pattern of surgical choices were observed among diagnostic subgroups. For patients with herniated disks, 32% in the video group had surgery during the follow-up year compared with 47% in the booklet group, a relative difference of 31% lower occurrence in the videodisk group (P ϭ 0.06). As shown in Figure 2 , time-to-anevent analysis showed that the surgery rate among patients with herniated disks was significantly *Among patients with herniated disks, there were 61 Ͻ65 years of age in the video group and 70 in the booklet group. Among patients with spinal stenosis, there were 15 patients Ͻ65 years of age in the videodisk group and 25 in the booklet group.
† Surgical events were summarized at 330 days because the most complete data were available. Follow-up questionnaires were distributed ϳ1 month before a full year of follow-up, so with prompt returns, many patients actually were reporting experience through 11 rather than 12 months. Surgical status was ascertained for 380 patients because automated records provided follow-up for some patients who did not return questionnaires.
lower in the videodisk group throughout the year (P ϭ 0.05) by log-rank test. In a Cox proportionalhazards model, after controlling for age, gender, educational status, site, baseline Roland score, baseline leg pain severity, previous hospitalization, and SF-12 physical dimension score, patients with herniated disks in the video group still had a significantly lower surgery rate (P ϭ 0.05) than those in the booklet group. For patients with "other diagnoses,"the surgery rate was also lower in the video group (5.4% versus 14.0%), although with small numbers, the difference was not statistically significant in bivariate or multivariate analyses. A post hoc power calculation indicated that 200 subjects per group would have been required for this difference in proportions to achieve statistical significance.
In contrast, among patients with spinal stenosis who viewed the videodisk, the surgery rate was slightly higher (39% versus 29% at 1 year, P ϭ 0.36). The differences did not achieve statistical significance in the analysis of time to surgery, even in the multivariate Cox model (P ϭ 0.46). A post hoc power analysis suggested that with the observed proportions, we would have needed ϳ600 patients per group to achieve statistical significance. The actual power in our study was only 12%.
Health Care Utilization
At Group Health Cooperative, the videodisk and booklet groups had similar utilization of most services, with no significant differences in the number of physician visits or physical therapy visits for back pain, spine imaging studies, or overall laboratory and pharmacy use. Similarly, there were no significant differences in hospitalizations for back pain between the study groups. The only significant difference in utilization was for outpatient back surgery among patients with herniated disks; the proportion of subjects undergoing surgery was significantly lower in the videodisk group.
Patient Satisfaction With Care and Decision Making
The video program had little impact on patient satisfaction with care or satisfaction with the decision-making process. Table 3 shows patient satisfaction at the 3-month follow-up, when most surgical decisions had been made and when educational materials were relatively fresh in patients' minds. Patients in the videodisk group were more likely to report that they had "as much information as I wanted." Satisfaction with treatment, the decision-making process, and other aspects of care was similar between study groups.
Discussion
For patients with herniated disks, those who watched the video program chose less surgery but had similar functional and symptomatic outcomes compared with patients who received only written materials. The similar overall outcomes in the face of lower surgery rates suggest that those who chose not to have surgery as a result of watching the video program made good decisions for themselves. Our choice of study sites may have minimized the apparent impact of the video program, because surgery rates were already relatively low in these study sites. Group Health had a lower rate of back surgery per 100,000 patients than most state rates (unpublished data), and Iowa was below the median in back surgery rates among Medicare beneficiaries. 24, 34 Surgical choices among patients with spinal stenosis followed a different pattern than patients with herniated disks, perhaps reflecting the different information presented. From the best available evidence, 20, 25, 35 the spinal stenosis video presentation indicates that without surgery patients' symptoms tend to remain stable for many years, with only a minority either worsening or improving. In contrast, most patients with herniated disks improve with nonsurgical care. 6, 8, 9, 36 There was a trend toward better outcomes in the video group among patients with spinal stenosis, although significant only for back pain severity. This may have been a consequence of the higher surgery rate in the video group, a hypothesis that warrants further investigation.
An earlier analysis of knowledge gains in this trial suggested that for patients with low baseline knowledge about back pain, the videodisk produced greater knowledge gains than the booklet alone. Patients expressed a clear preference for the video program in terms of its understandability and interest. 27 In that analysis, patients who viewed the videodisk subsequently expressed a lower preference for surgery than patients in the booklet group, so expressed preferences corresponded to the lower overall surgical rate observed in this analysis. The data on knowledge, preferences, and outcomes suggest that programs such as this may help to improve the process of informed consent. We anticipate that this prototype educational program could be adapted for use in other formats, including simple videotape and the Worldwide Web.
The videodisk resulted in little improvement in patient satisfaction with care or satisfaction with Vol. 38, No. 9 VIDEO EDUCATION FOR BACK SURGERY decision making. This may have resulted because the combination of written educational materials and conversations between doctor and patient at these participating institutions provided sufficient opportunity for patients to believe that they understood their choices and had expressed their preferences. Also, the videodisk program may increase knowledge, but it may also increase patient anxiety about uncertainties in the decisionmaking process. The video program is inappropriate for many patients with simple back pain, because surgery is not a viable treatment option. It is also inappropriate for those considering repeat surgery, for whom outcomes are worse than patients undergoing first-time surgery. Our results would seem most likely to be generalizable to patients being referred for consideration of back surgery for the first time or to patients who have just initiated contact with a spine surgeon. We believe the video program is likely to be most useful for such patients, who have undergone medical evaluation and are judged to have possible surgically correctable lesions.
Another consideration in generalizing the results is that the participating surgeons may have had increased knowledge and interest in outcome data as a result of reviewing the patient education materials. Although this may have changed their behavior somewhat, the expected result would be to minimize the effect of the video program if they imparted their newfound information to all patients. A potential impact on physician behavior may be one advantage of implementing the video program in actual practice.
Several study limitations should be noted. First, it was conducted among relatively well-educated patients, and impacts may be different among less well-educated subjects. Many patients who felt strongly for or against surgery may not have entered this study because their minds were already made up. We cannot determine how these educational materials would affect such strongly opinionated patients. The study was confined to 2 practices that were relatively sparing in recommending surgery, although they represented a spectrum of financing and surgical specialties.
Overall, the study suggests that the rate of surgery for herniated disks might be substantially reduced without harm, even at these fairly conservative institutions, if patients were better-informed about their choices and expected outcomes. However, for spinal stenosis, it suggests that wellinformed patients may choose surgery more often than otherwise. Because surgery for herniated disks is the most common type of back surgery in the United States, 4 it seems likely that the overall effect of widespread use of the video program would be to reduce surgical rates. Nonetheless, the actual impact is likely to depend on local surgery rates and the mix of diagnoses.
